before the Tottori Earthquake (M=7.4) in 1943 and two years before the Nankai Earthquake (M=8.1) in 1946. On the other hand, HAYAKAWA (1950, 1951) considered the sense of premonitory velocity change to be related to the radiation pattern of an earthquake, investigating seismological data of the Japan Meteorological Agency (JMA). Unfortunately, Japanese seismologists have failed to make sufficient efforts to pursue these important studies in spite of considerable improvement in JMA data, especially in time accuracy, in the last ten years.
In the present investigation, clear premonitory changes were found in other two large-scale earthquakes, however, no precursor was detected. The dilatancy model is certainly an attractive hypothesis which succeeded for the first time in giving a physical explanation of the striking change in the velocity of seismic waves. Further investigations are still necessary to confirm whether the proposed model is universally applicable to all types of earthquakes.
The present study is based on the arrival time data of P and S waves which are published in the Seismological Bulletin of Japan Meteorological Agency. Some additional data are taken from an unpublished JMA ledger. No reexamination of the original seismograms was made.
Plotting S arrival times at each seismograph station as a function of P arrival times, we can fit a straight line for the plotted points if a sufficient number of stations are available. The slope of the fitted line will give an two favorable stations were employed because the number of JMA stations that can be used for a certain earthquake are usually not enough for the conventional technique mentioned above.
where tp and ts indicate arrival times of P and S at the observation points denoted by A and B in parentheses.
The examined shocks were selected so that ray paths to at least one of the stations would penetrate the focal area of the earthquake in question or its vicinity. We adopt such a pair of seismograph stations so that one station records seismic waves through the focal region in question or its vicinity while the other records those from the same Although this method is not so reliable as the conventional one, our results show that it is still applicable and is useful for our present purpose when a sufficient number of stations are not available.
Statistical treatment is also possible in such a case as the Matsushiro Earthquake Swarm when shocks occur frequently. Earthquake by analysing the arrival times of the shocks plotted in Fig. 1 with depths less than 40km. Stations used were Mizusawa (MIZ) and Ishinomaki (ISN); the latter was occasionally replaced by Sendai (SEN) when the MIZ-SEN pair gives better ray path. In August of 1965, the Matsushiro Earthquake Swarm started at a shallow depth beneath Mt. Minakami, a tertiary volcano. The number of the shocks increased daily, and a maximum frequency of 661 felt shocks per day was recorded at Matsushiro Town on April 17 in the following year. After three notable peaks of the swarm activity, it turned to decay in the autumn of 1966 (Fig. 5) . The depths of the shocks were less than 20km. The magnitude of the largest shocks during the swarm was 5.4, and the total seismic energy released is estimated to be equivalent to that of a single earthquake of magnitude 6.3 (HAGIWARA and IWATA, 1968) .
Complete data of arrival times for more than four hundred earthquakes are available at Nagano (NGN) and Matsumoto (MTM). A statistical estimaAn elaborate explosion seismic study conducted in the Matsushiro area toward the end of 1967 revealed anomalously delayed arrivals of the compressional waves which penetrated the most active portion of the Matsushiro swarm area. OKADA et al. (1970) concluded that the observed travel time anomaly requires a decrease in P wave velocity by about 5% compared with the surrounding regions. This fact supports the author's finding shown in spectra before and after the Matsushiro Earthquake Swarm, SUYEHIRO (1968) concluded that the swarm area had been highly fractured by the successive occurrence of small earthquakes. His conclusion gives a physical explanation of the observed decrease in the velocity of the seismic waves which penetrate the swarm area.
On May 16, 1968 the Tokachi-oki Earthquake (M=7.9) took place near the junction of the Japan Trench and the Kuril-Kamchatka Trench. The focal depth is reported to be 0km. Figure 7 shows the epicenters of the aftershocks and location of the two stations used, Urakawa (URA) and Miyako (MIY). The same method as employed for the Matsushiro Earthquake Swarm was applied for about 300 shallow shocks which occurred in the region A peculiarly low value appeared in 1961, which happened to coincide with the anomalous period prior to the Northern Miyagi Earthquake in 1962 (See Fig. 4) . The earthquakes and stations used here did not have any relation to the earthquake in 1962 which was considerably to the southwest of the region discussed here. In the investigated region, there was no distinct earthquake which could have caused the above-mentioned anomaly. The author is greatly indebted to Dr. Takahiro Hagiwara and Professor Toshi Asada for their helpful advice during the course of this study. Thanks are also due to Dr. Mamoru Katsumata, Dr. Tetsuo Santo and Dr. Tsutomu Terashima for their critical reading of the manuscript and for helpful discussions. The author is grateful to the staff of the Seismological Section of JMA who allowed him to make use of unpublished data. The paper was kindly reviewed and revised by Dr. Shigeji Suyehiro and Dr. Michio Otsuka for publication.
